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Preface

Accurate data on the thermal conductivity of materials of construction
at low temperatures are essential in the design of cyrogenic equipment.
Such data on pure metals also have important applications in basic physics.

This Circular is issued to satisfy the need for a complete and authori-
tative compilation of the useful data on thermal conductivity at low tem-
peratures given in the widely scattered and extensive literature on the
subject. Although the Circular is not primarily a critical compilation, the
text indicates a method that might be used in choosing between conflict-
ing data.

It will be noted that there are wide unexplored regions; much experi-
mental work remains to be done. It is hoped, therefore, that this Circular
will stimulate additional measurements and indicate the areas in which
data are most needed.

A. V. ASTIN, Director.
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Thermal Conductivity of Metals and

Alloys at Low Temperatures

A Review of the Literature'

Robert L. Powell and William A. Blanpied*

An extensive compilation is given of the measured values of thermal conduc-
tivity for metals and alloys from room temperature down to approximately 0' K.
The more extensive and important data are plotted in 48 graphs. The tables and
graphs for the metallic elements and alloys are essentially complete for literature
reference from 1900 to early 1954. For comparison, several graphs and tables are
given for some representative dielectrics.

1. Introduction

1.1. Scope and Arrangement

The thermal conductivity values of three per centimeter degree Kelvin (except for a
types of solids are presented: (1) metallic ele- few, which are in milliwatts per centimeter
ments, (2) alloys, and (3) dielectrics. Very degree Kelvin). A table of conversion factors
little discussion is presented on the qualitative is given. Arrows on the bottom of the graphs
theories or significance of the various experi- indicate the normal boiling points of helium,
ments. Recent articles, as indicated under each hydrogen, and nitrogen, and the melting point
material, usually will contain comments on of ice, respectively. A bibliography (nearly all
these aspects of conductivity. Under "metallic dated after 1900) is included at the end of the
elements," the materials are arranged by peri- Circular. It is shown in the tables when other
odic groups, beginning with the alkali metals. properties of the samples have been measured,
Under "alloys," the materials are arranged in such as electrical resistance, thermal electro-
this same manner by major component. In motive force, and specific heat, which are sym-
group 3, several dielectrics are included for bolized by R, emf, and C,, respectively.
comparison. A list of the figures and tables is The units in the tables and graphs are usually
given in section 2.1. watts per centimeter degree Kelvin. These

The professional abstract and leading re- may be converted to other systems of units by
search journals were searched for references use of the following factors:
dating from 1900 to the spring of 1954. It is felt
that the compilation is complete for the metals
and essentially complete for the alloys, but only To convert to- Multiply by-
a few representative references are given for
the dielectrics. Conductivity values were col- Cal/cm deg K 0.239
lected for the temperature range approximately Btu/ft hr deg F 57.8
00 to 3000 K. Many of the references contain Btu in/ft'-' hr deg F 693
information for room temperature only, and
conductivity values from these are given in the
tables only. The preparation of this Circular required the

The letters at the left end of the curves are the a ration of mar Foredot
a code to the names of the authors. The sym- assistance and cooperation of many. Foremost
bols at the right end of the curves indicate the among them was Charles A. Meizner, who
material tested. Conductivity values in the plotted most of the graphs and analyzed some
graphs and tables are given in units of watts of the original research papers. The coopera-

tion of the many authors and manufacturers
tThis work was supported by funds from the U. S. Atomic who supplied reprints of their articles and man-

Energy Commission.
*Present address: Yale University, New Haven, Conn. uals for use in this study is acknowledged.
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2. Figures and Tables

2.1. List ALLOYS

METALLIC ELEMENTS Figures Tables

Figre Material (pge
Figureial Tables Number Page (ae

Number I Page (page) Akl ea
________________------- _______ ________ _ Akl-ea 38

Aluminum ----------- 3, 3a I 8,9 8 Aluminum ---------- 22 40 39, 40,

Antimony ----------- 20 36 36 Antimony --------- 29 5415

Brlim------ 2 6 6 Beryllium---------55-
Bismuth -------------- 20 36 36,37 Bismuth------__ _ _ I9 545 553

Cadmium ------- 15, 14a 27, 26 26 --------- 9' 9a5455 5

Carbon (graphite)_ 17 30 30 Chromium------------ 2 45

Cerium ------------- 21 337Chopperm----------- 27 2-9,5 48,49

Cobalt --------------- 8,9 16,17 17 50pi-------- 7 9,4,5 4,51,

Copper -------------- 11, 11a. 20,21 20,21 Copper-nickel-----8 9 15 51,52

Gallium -------- ----- 16 29 29 Gold -----_ 2, 69 47,5 52,53

Germanium_______-- 18,19a 31,35 31 Indium-------------- 29, 29a 54,55 53
Gold---------------- 13, 12a, 24, 23 24 Iron:
Indium -16 29 29 Carbon steel ------ 23,24 43, 44 42
Iridium-------------.10, 10a 18, 19 19 Deoxidized steels- 24 44 45
Iron----------------- 8,9 16, 17 16 Silicon steels ------ -- 43
Lanthanum ----- 9 Corrosion resisting
Lead---------------- 19, 19a 34, 35 34 steels ----------- 23,24 43,44 43,44,
Lithium ------- 1 5 545
Magnesium----- 2, 2a 6,7 6,7 Lead---------------- 29, 29a 54,55 54

Manganese-- __ -___ 7 14 15 Magnesium---------- 2a 7 38, 39

Mercury------- 15, 15a 27,28 27 Mercury--------------------- 53
Molybdenum ---- 6, 6a 12, 13 12 Nickel--------------- 25 46 45,46

Nickel-------- 8,9 16,17 17 Palladium----------- 26 47 47

Niobium------- 5 11 Platinum ----------- 26 47 47,48

Paladium------------ 10, 10a 18, 19 18Sivr--------2475
Platinum------------ 10, 10a 18, 19 19 Thallium ------------ 29, 29a 54,55 53

Potassium ----------- 1 5 5 Tin ----------- 1a__3,3 5
Rhodium ------------ 10, 10a 18, 19 18 Titanium------------ 29 54 41

Silicon---------------------- 30 Tungsten -------------------- 1
Silver---------12, 12a, 22,23 22 Zinc------------------------ 53

Sodium------ 1 55
Tantalum ------------ 5 11 11 DIELECTRICS
Tellurium------------ 21 37 37_____________
Thallium ------------ 16 29 29
Tin----------------- 18, 18a, 18b 31, 32, 33 32 Beryrllia------------- 32 60 60

Tianum-------- 41010Diamond------------ 30, 30a, 57, 58 57
Tingtaniu--------- 01 Disordered di-

Trnungte--------6, 6a 12, 13 12, 13 electrics----------- 33, 33a 62, 63 62

Uranaium------------21 37 37 Ionic crystals -------- 32, 32a, 60, 61 60

Vanadium ---- 5 11 11 Miscellaneous ------ 56
Zinc--------------- 14, 14a, 25,26 25 Quartz--------31, 30a 59,58 59

Zirconium ------------ 4 10 10 Sapphire ------------ 30,30a, 32 57,58,60 57



2.2. Metallic Elements

The variations of the thermal conductivities by the lattice vibrations. However, the relative
of metallic elements with temperature are given contribution of this latter mechanism is insig-
in figures 1 to 21. The main figures (those nificant except for alloys, impure metals, and
without a or b) have the higher temperature the semimetals like bismuth. The transfer of
curves; usually the temperature range 40 to energy by electrons is impeded by several scat-
300" K. When there is sufficient data in the tering mechanisms. At temperatures above
liquid-helium range, there is a supplementary about 20' K the main scattering agent is the
graph for the range from approximately O0' to metallic lattice itself. Below that temperature
50 or 10" K. The graphs aro arranged by peri- the scattering due to impurity centers and lat-
odic groups, beginning with the alkali metals. tice defects becomes increasingly more impor-
A summary table is included for each graph, tant. In the temperature range from several
giving for each element a list of references to degrces to about 40° K, the conductivity of a
research papers on the thermal conductivity of pure metal may be expressed closely by the
the element. The first column contains the equation
chemical symbol and the property or composi- 1/k ýý aT2 fIT-1.
tion identification on the curves if the data for The term aT2 is characteristic of the lattice of
the author reference are plotted on the graph. the metal being investigated; the term fiT-1

Not all the available data are plotted on represents the scattering due to impurities. The
graphs. If measurements were made at only latter term is related to the residual electrical
1 or 2 temperatures, representative conductivity resistance. Experimental values for a and /3
values are usually given in the "Remarks" col- are given in the tables when the authors in-
umn in the corresponding table. When several clude these values in1 their research reports.
authors report values that are nearly identical, Several physical and chemical properties of
the report that was published first is usually the sample affect the conductivity directly. As
represented on the graph. There are exceptions the purity of the material is increased, the con-
to this when the results of a later author are ductivity maximum rises and is shifted toward
more accurate or more extensive. In most lower temperatures. The thermal resistance
graphs, where there are more than one curve for caused by impurities is not additive-small
a given element, the graph showing the highest changes in purity can cause very large changes
conductivity is considered most likely to be rep- in the conductivity near the maximum. At
resentative of that of the pure material. The higher temperatures, however, the effect is not
higher values are associated with the more pure as important. Cold-working and hardening re-
material, adequate annealing, and large crystal duce the conductivity and for that reason, other
size. things being equal, the annealed samples will

In the commonly accepted theory for the have a higher conductivity. For some single
conductivity of metals, there are two mechan- crystals the conductivity depends upon the
isms for the conduction of heat. In pure metals direction of heat flow. For several metals that
nearly all of the energy transfer is by electrons. are anisotropic, curves are given for various
In dielectrics, there is also a transport of energy crystal orientations.
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2.3 Alloys and Commercial Metals

The values for conductivities of experimental bols and manufacturing tempers. The names or
and commercial alloys are given in figures 22 numbers and the arrangement within a group
through 29a and in the following tables, arranged are based upon the corresponding arrangements
according to periodic group of the major com- in Metals Handbook.' The composition limits
ponent. In several instances a particularly large for many of the alloys are also taken from the
class of alloys has been separately presented, Metals Handbook. The tables listed below,
i. e., copper-nickel alloys. Many of the experi- which quote "company or trade manuals", are
mental results are for a limited temperature all based on room-temperature values.
range, so more of the data are presented in In pure metals the greater part of the energy
tables than in sec'.in 2.2 on metals. This sec- transfer is by electrons, whereas in alloys the
tion is also not as complete as section 2.2 be- transfer by the lattice vibration is very signifi-
cause many of the data were published in now cant and may be the predominant mode. For
unavailable journals or institute reports. As for that reason the conductivity is not as sensitive
the preceding tables the following tables con- to small differences in composition as it is in
tain columns indicating the curve identifying nearly pure metals. It will be noted in the fol-
marks, composition, conductivity, remarks, and lowing graphs that the conductivity curves of
reference. In addition, they occasionally con- alloys with similar compositions are usually
tain information on trade designation or sym- parallel to each other and seldom intersect.

iMetals Handbook, 1948 ed., Am. Soc. for Metals, Cleveland, Ohio.

ALKALI METAL ALLOYS MAGNESIUM ALL0YS (Cont'd)

Nominal Nominal
Composition Conductivity and remarks Reference Composition Conductivity and Remark Reference(%) (%)

w/cm deg K w/em deg K

Sodium-potassium; k=0.29at-8.9
0

C,0.30at -10.6C ..... J. W. Hornbeck 15Cu ............. k-l.54at273*K, 1.51at87*K;chillcast... W. Manuchen"50-80 by atomic (1913). (1931).
percent.

20 Cu, 3 Si ......... k-1.08 at 273¶K, 0.89 at 8K; chill-cast... Do.

B ]RLLIUM 2.2 A4 ............. k-1.31 at WC I........................ R. KikuchiBERYLIUM (932).

Cominrl See figure 2, under "Metallic Elements".. E.J. Lewi 6.0 Ag ............. k= 1.16at27WC ....................... Do.
e a . (1929). 2.1 A].......... k=0.88 at 27*C 2 ......... Do.

Copper-beryllium See "Copper Alloys .................... 4.2Al .............. k-0.69 at 22*C2 ........................ Do.

6.2 Al .............. k=0.56 at 2Z*C 2 ........................ Do.

MAGNESIUM ALLOYS 82 U .............. k-0.51 at i1rC I ....................... DO.

J10.3 Al...........k=0.45 ato 0 C ....................... Do.0AMn ........... k-l.60at 270K, 134 at 87°KI........J. Staebler
(1929). 12.2 Al ............ k= 0.39 at 23*C ' ........................ Do.

0.8Mn ........... k- 18 at 27K, 1.22 at 87.K ........... Do. 2.4Cu ............. k=1.39 at 20*C* I........................ Do.

2Mn ............. k- 1.18 at 27K,0.67 at 879KI .......... Do. 6.3Cu ............. k=l.31 at 24'C 2 .. . . . . . . . . . . . . . . . . . . . . . .  Do.

3.54M .......... k- 1.02 at 273 0.7 at 87'. .......... Do. 1.9Ni ............ k=l .36at 20C2 ........................ Do.

6AI .............. k-0.80 at 27¶, 0.h at 7•K, .......... Do. 5.8Ni ............ k=1.26 at 24°C2 ........................ Do.

8AM .............. k-0.65 at 273, 0.42 at 87*K .......... Do. 2.2n ............. k= 1.06 at 21°C ........................ Do.

12Al ............. k=0.59 at 27M 0.33 at 87K ........... Do. 6.45n ............. k0.74 at 2T2C ........................ Do.

0.7Si ............. k- 1.48 at 27K, 1.10 at 87rK .......... Do. 2.1Zn ............. k=1.26 at 26" .......................... Do.

l.5Si ............. k- 1.40 at 273K, 0.95 at 8rKI .......... Do. 6.1Zn ............. k-1.09 at • 2C ........................ Do.

8Ce ............. k- 1 at 27rK, 1.06 at 87Kt .......... Do. 4 Zn, 0.5 Cu ........ "Elektron" k- 1.14 at 2(r C*2 ............. Do.

12Cc ............. k-1.03 at 273K, 0.81 at 87.K ........... Do. 4Al, I Zn, ICd, I Sn. k=056 at 22*C' ........................ Do.

8Cu .............. k=- 1.25 at 273K, 0.88 at 8rK '......... Do. 6 Al, 3 Zn. 0.4 Cu... "Dow metal" k=0.61 at 29C I ........... Do.

8Zn .............. k = 1.19 at 27K,0.80 at 87KI .......... Do. 4IA n!5Zn, " Cd. k-0.63 at 22IC' ........................ Do.

Sl...........k-.42 at 73K, 0. at SK .......... .Do. 4 Al, 3 Cd, ISn .... k-0.69 at 2rC2 ........................ Do.
4 Al, 2 Cd, 2 Sn .... k=0.6 at 3OV2 ....................... Do.

2 8OL 8A] .......... k-0.61 at 27K 0.38 at 8KM .......... Do.

2 S, 10 Al ......... k-0.55 at 2•7K, 029 at 87K .......... Do. Vaeunm-annealed.

2 9412Al.........k=.6 at27M 0.28at871.......... Do.

I Chilloa-t; alo measured R.
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MAGNESIUM ALLODYS (Cout~d) ALUMINUM ALLAYS (Cont'd)
OOMEPANY AND TRADE MANUALS

______ _____________- -Composition %)IConductivity I StAte'

AffrM Nominal
densinatiou Trade deaignatione compositon Conductivity w/cm dog K

5.3 Cu. 0. i, 0.8 Fe, 0.6Mn, 1 .18 ............ -Cust.

Wonmdog K 1.2 Mg., 1 .52. ............ Annealed.

AS.....DwmtlAMulA 24-Bi- A,02n.. 0.54.3 Cu, 0.4 Bi, 0.9 Fe, 0.6 Mna, 1.22 .............. Cast.
AS...... Dow IDe 5A; DTD A 289, Brit- 8A,02M.. 07 0.4 Mg., 1.52. ....................... Annealed.

troli AS. Elektron ASK. 2.5 Cu, 0.4 Si, 0.9 Fe, 1.8 Ni, 1.44 .............. Cast
0.9 Mg., 1.0 . 63............ Annealed.

A 10......Dowinetal G; Maulo AM 240; AM- 10 AL. 0.1 Mn.. .71
C598; British DTD 259; Elek- 4.4 Cu, 0.5 Si, 0.7 Fe, 2.1 Ni, 1.30............ ............ Cast.
tron V1. 0.0 Mg., 1.47 ........................ AnneaWe.

AM ODA.................... See A8........ ............. 3.8 Cu, 6.1 Si, 0.9 Fe, 0.6 Mo. 1.00 ........................ Caut.

AM 1004 A 1.... .................. 13"A0.... ............ 1.5 Mg., 1.36 ........................ Aunealed.

AZ 31X. A, B. Dowmetal PS-I; Maslo AM-CS2S; 3, ALIZn, 0.3 . .C,04j0.F,2.6' 1.32 ......... ................ nnaled.
Whiteliht MSI; British DTD Mn.133. ......... Aneld
120A; Elektron AZ 31. 2.6 Cu, 0.4 Si, 0.6 Fe, 20.3 Zn'2. 1.07 ........................ Cost.

AISIX....DowmnetalJS-1 ............ 5 LIZn, 0.25 .88 1.08 ........................ Annealed.
Mn. 2.5 Cu 0.3 Si,O08 Fe, 0.5 Mn, 1.26 ........................ Cast

AZ 61X, A.B. Dowiactal J-1; Maslo AM-C578; 6 AL, I Zn, 0.2 .80 26K .5............. neld
WhitelightJ-1; British DTD898B, Mn. 1.9 Cu, 0.1 Si. I Fe, 1.5 Mg'2.. 1.57 ........................ Cast
DTD 120A. DTD 259; Elektron 1.65 ........................ Annea"e.
AZM.

AZ 63 A....DowmetaliH; Maslo AM 265; Brit- 6 AL, 3 Zn, 0.2 .75 1Cu04i.9e09C'.1.05 ......................... Cnnast d.
ish DTD 59A, DTD 289; Elek- Mn.1.9..........Aneld
tron AZG. 1.8 Cu, 0.3 Si, 0.6 Fe, 1 Ni, 1.6 1.48 ........................ Cast

AZ So X, A ... Dowmetal 0-1; Maslo AM-C588; 8.5 AL, 0.5 Zn, .75 Mg.$ 1.65 ........................ Annealed.
Whitelight 0-1; British DTD 88B; .15 Mn. 11.9 Si, 0.8 Fe 2............. 1.31 ........................ Cast.
Elektron AZ 8N5 1.78 ........................ Annealed.

AZ91 A. B.C. Dowmetal X, RC;Mazlo AM 263; 9 AL 0.7 Zn,0.2 .71 0.1 ffi, 0.5 Fe'2.............. 1.86 ........................ Cast.
British DTD 136A; Elektron AZ Mn. 2.00 ........................ Annealed.
91.

&I Co, 0.4 84 0.6 Fe I.....1.33 ........................ Quenched.
AZ 92, A... Dowmetal C; Maslo AM 260 .... 9 Al 2 Zn, 0.1 .71 1.32 ........................ Aged.

Mo. U ~5.Cu, 0.5 Si, 0.8 Fe, 0.5 Mn, 1.23 ......................... Quenched.
MIA.B & .. Dowmetal M; MusicAM403 AM 1.5Mn .... 1.25 1.2 Mg.' 1.23 ........................ Aged.

38; Whitelght M; British bTD
142, 118,14A; Elektron AM 6W. 2.5 Cu, 0.4 Si, 0.9 Fe, 1.8 Ni, 18.38 ....................... Quenched.

.......Ma~o AM 244.......... 4 AL0.2Man... 0.96 0.9 Mg.$ 1.33 ........................ Aged.

.DwzetlE3A ~ ~ ~3.8 Cu, 6.184i 0.9 Fe, 0.6 Mn, 1.16 ........................ Quenched.
........Dwet)B 0Aý..0.... .35 Zarearh, 0.3 1 .6 Mg.$ 1.14 .......................... Aged.

Zn. 2.6 Cu, 0.4 Si, 0.6 Fe, 20.3 Zn' . 0.98 ........................ Quenched.
______ _______________ _____________ ~...8....................... ged

2.5 Cu. 0.3 8L, 0.9 Fe, 0.5 Mn, 1.32 ........................ Quenhe.
ALUMINUM LLAOYS 2. Zn.'

____________ _____________-1.9 Cu, 0.1 Ei 1Fe, 1.5 Mg'I... 19.5 ........................ Quenched.
cOMjPmitio (90) Conductivity and remarks Rteference 1.8 Cu, 0.3 Si, 0.6 Fe, 1.0 Ni, 1.45 ........................ Quenched.

1 .6 Mg.'

w/em, deg K 5.3 Cu, 0. Si, 0.8 Fe, 0.5 Mn, 1.38 ........................ Drawn.

0.5Fe, 0.4 Cu .............. k-2.01 atlirC .............. W. Jaegerand 1.2 Mg.4 1.60................... I..... Annealed.

(100. 0imles . Cu, 0.4 8i, 0.9 Fe, 0.4 Mn, 1.48 ........................ Drawn.
at2.4K 190.0.6 Mg.' 1.73 ........................ Annealed.

Commecial............ 21.43t'CK OtS,.9 RSht(96. 11.9Si, 0.8 Fe'4............. 1.73 ........................ Drawn.
_________________ ___________________ __________1.81 ........................ Annealed.

Composition (%Y)'I Conductivity'I State' 0.1 Si, 0.5 Fe 
4 ... . . . . . . . . . . . . 

2.06 ........................ Drawn.
_________________ ___________________ __________2.07 ........................ Annealed.

w/cm deg K 'Iemulti by H. Masumoto (1925) at 27*C.
....... 1.2.................Cat. The samples were chill cast in an iron mold, then annealed for 30 minutes at 450*C.

12.2 Cu, 0.3 Si, 0.6 Fe ' ... .4..............Cs.Chilleat in an iron mold, annealed, then heated for 30 minutes at about 500'C,
1.48 ........................ Annealed. quenched in water, and later aged two weeks.

12.2Cu,0.2Si,0.67e~~~l~n'.. ~...........Chill-cast in an iron mold, foaged. then oold-drawn to 00% of original diameter,
12. C, 02 k .6 e,1 M 2. .93............... ... CILe and later annealed for 30 minutea at 500*C.

10.5 Cu. 0.3 EL 0.8 Fe,NI K 1.35 ........................ Cast.
3 an'k 1.59......................... AnneaWe.

U4Cu, 02 Si, 0.7 ft 0.7 Mn'2.. 1.02 ........................ CIast
1.35 ........................ Annealed.

8.1 Cu, 0.4 Si, 0.6 Fe'I.....129..39......................Cast.
1.67......................... Annealed.

6.9 Co, O. EL0.7 Fe, 1.2 Be'.. 1.47 ........................ Cast
1.66 ........................ Ann. ealed.
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ALUMINUM ALLOYS (Oont'd) ALUMINUM ALLOYS (Cont'd)
COMPANY AND TRADE MANUALS COMPANY AND TRADE MANUALS

ASTM Nominal ASTM Nominal
desigua- Trade designation compositions (%) Conductivity State designs- Trade designation compositions (%) Conductivity State

tion tion

w/cm deg K w/cm deg K

EC ............... 99.45A] ........... 2.34 Annealed. SC 41 .... A 132 ............. 12 Si, 2.5 Ni, 1.2 Mg, 1.17 T 551
Al ..... 28; BitishBS2L.. 99 Al .............. 2.22 .......... 0.8 Cu.

2.18 H 18 ......... D 132 ............. 9 Si, 3.5 Cu, 0.8 Mg, 1.09 T 5
0.8 Ni.

......... -138................. 0 Cu, 4 Si, 0.3 Mg 1.05
WROUGHT ALLOYS CN 2"1"... 142................ 4 Cu, 2 Ni, 1.5 Mg. 1.67 T 21

1.34 T 571
1.51 T 77

M I ...... 38 .................. 1.2 M n ............. 1.93 0 1.30 T 61
1.63 H 12 C I ...... 195 ................. 4.5 Cu ............. 1.38 T 4
1.59 H 14 1.47 T 62
1.55 H 18 CS 4 .... B 195 ............. 4.5 Cu, 2.5 Si ..... 1.38 T 4

......... 4S .................. 1.2 M n, 1 Mg ...... 1.63 0 1.42 to 1.88 T B
1.83 H 38 212 ................. 8 Cu, 1.2 Si ......... 1.17

CP21 .... 11 ; British BS 6LI... 5.5 Cu, 0.5 Pb, 0.5 Bi. 1.55 T3 GI. 214;BritishDTI 16. 3.8Mg............. 1.38 .........
CS 41 .... 14S: British DTD 364. 4.4Cu,0.8Si,0.8Mn, 1.93 0 1.38 Annealed.

0.4 Mg. 1.55 T 6 ........ A 214............... 3.8 Mg, 1.8 Zn ..... 1.34
1.21 T4 ......... B 214.............3.8 Mg, 1.8 Si ...... 1.47

CM 21... 178;BritishBSGLI... 4Cu,0.sMg,0.5Mn. 1.72 0 F214 ............... 3.8 Mg, 0.5 Si ...... 1.42 ........
1.21 T 4 218............. 28M ............. . 0.96

.A178 ............... 2.5 Cu, 0.3 Mg ..... 1.55 T 4 220...............0. IC . .88 T 4S 8.. . ., ...... 3 9 ................. 6 i .5.C .......... 3 . .. .. .
......... 188; British BS 4L25, 4 Cu, 2 Ni, 0.5 Mg.. 1.93 0 SC 8. 319 ................. 6 Si, 3.5 Cu ......... 1.13

BS 2L42. 1.55 T 61 333................9 Si, 3.8 Cu ......... 1.05 F
......... BIS ............... 4 Cu, 1.SMg, 2.0Ni. 1.93 0 1.21 T5

1.72 T 72 1.17 T 6
CG 21 .... 24S; British BS2L40, 4.5 Cu, 1.5 Mg, 0.6 1.88 0 1.42 T 7

DTD 273. Mn. 1.21 T 4 SC 21... 355 ................. 5 Si, 1.3 Cu, 0.5 Mg. 1.67 T 51
... 258 ................. 4.5 Cu, 0.8 Mn, 0.8 1.55 T6 1.42 T6

Si. 1.93 0 1.47 T 61
......... 32S ............... 12.5 Si, 1.0 Mg, 0.9 1.55 0 1.63 T 7

Cu, 0.9 Ni. 1.38 T 6 1.51 Chili T 6.
........ 50W ................. 1.2 M g............. 1.93 0 SG 1 .... 356 ................. 7 Si, 0.3 Mg ........ 1.67 T 51

1.93 H 38 1.55 T 6
......... C50S ............... 1.3 M g ............. 1.55 1.59 T 7
......... A 51 S.............. 1.0 Si, 0.6 Mg, 0.25 2.09 0 1.63 Chill T6.

Cr. 1.72 T 4 ....... 360, A360 .......... 9.5 Si .............. 1.13 to 1.47 .........
GR I ... 52S ................ 2.5 Mg, 0.25 Or ..... 1.38 0 ....... 380, A380 .......... 9 Si, 3.5 Cu ........ 0.96 to 1.09 .........

1.38 H 38 ......... 384................ 12 Si, 3.8 Cu ........ 0.96 .........
......... 53S ................ 1.3 Mg, 0.7 Si, 0.25 1.72 0 ....... A612 ............... 6.5 Zn, 0.7 Mg, 0.5 .96 .........

Cr. 1.55 T 4 Cu.
......... 56S; British DTD 303. 5.2 Mg, 0.1 Mn, 0.1 1.17 0 ........ C 612 .............. 6.5 Zn, 0.5 Cu, 0.4 1.59

Cr. 1.09 1118 Mg.
GS21 .... 61S ................ IMg, 0.6 Si, 0.25 Cu, 1.72 0 ....... 750...............6.SCu,1.Ni 1.80

0.25 Cr. 1.55 T 4
...... 628 ................. 0.25 Cu, 0.6 Si, I Mg. 1.72 01.55 T

......... 638301............... 0.4 Cu, 0.7 Mg ...... 1.93 T 42 TITANIUM ALLOYS
2.09 TB 5_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ZG 42 .... 75 ................. 5.5 Zn, 2.5 Mg, 1.5 1.21 T 6
Cu, 0.3 Cr, 0.2 Mn. Curve Composition (%) Conductivity and Remarks Reference

....... R301.............. I Mg, 0.7 Si, 0.5 Mn.. 1.93 0
1.21 T 4
1.55 T 6 w/em deg K

.R317 ............... 4Cu,0.SMn,0.5Mg, 1.72 0
Pb, 0.5 Bi. 1.21 T 4 2.8 Cr, 1 Fe ........... Abstract only; kf=0.13 at C. J. Rigney and

273*K, 0.10 at 1950K, 0.06 L. I. Bocksahler
at 80*K. (1951).

CASTING ALLOYS i'g. 29; Rem-Cru Titanium, RC R, emf .................... W. W. Tyler and

T.W.- 130-B; 4.7 Mn, 3.99 A. C. Wikon
a5.. 13 ................. ... 12 Si ............... 1.55 to 1.21 .......... Ti. Al, 0.14 C. (1952).
54. 43 . BSi................. 1.47 -..... I I I _

1.67 Annealed.
SC 2 ..... 85 .................. 5 Si, 4 Cu .......... 1.17
......... 108 ................. 4 Cu, 3 Si .......... 1.21 Cast. TUNGSTEN

1.47 Annealed.

SC 8 ..... Ailcat .............. 5 Si, 3 Cu .......... 1.05 Cast. Composition Conductivity and remarka •Aerenoe
1.17 Relieved.
1.13 Aged.
1.38 T 7 w/er deg K

SCI ..... A108 .............. .5 Si, 4.5 Cu 1...... .42 .......... "Impure"........ Single crystal;k-1.83 at 8K, 1.80 at 21-K.. E.Griineuenand
......... 112 ................. 7 Cu, 1.7 Zn ........ 1.17 . E. Goens

1.47 Annealed. (1927).
CS 22 .... 113 ................. 7 Cu, 2 Si, 1.7 Zn... 1.17 ..........

1.47 Annealed.
CS 22 .... C113 ................ 7 Cu, 3.5 Si ......... 1.09 ..........
COI ..... 122 ................. 10 Cu, 0.2 Mg.. 1.59 T 2

1.30 T61
1.34
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IHOMIUM CARBON STEELS (Coat'd)
COMPANY AND TRADE MANUALS

Composition (%) Conductivity I State I
Compoitif Conductivity

w/cm deg K
w/cin deg K 2.53 C, 0.06 Si, 0.02 Mn, 0.01 P, 0.03 8 .... .31 As cat.

Coummew a..... k-0.67 at 300C. 2.67 C, 0.11 Si, 0.02 Mn, 0.03 P, 0.05 8.... .30 Do.
.32 1,000"C annealed, 2 hr.
.32 6hr.
.32 8 hr.

3.12 C, 0.06 Si, 0.05 Mn, 0.02 P, 0.06 8 .. .26 As cast.
3.14 C, 0.01 Si, 0.03 Mn, 0.02 P, 0.03 8.. 26 Do.

IRON 3.17 C, 0.21Si, 0.08 Mn, 0.04 P, 0.06 8.. .25 Do.
.26 Annealed 1,000'C, 2 hr.

See figures 8 and 9 under "METALLIC ELEMENTS" .0 6hr.
.27 9hr.

3.53 C, 0.04 Si, 0.05 Mn, 0.01 P, 0.05 8 .... .23 As cast.
3.64 C, 0.16 Si, 0.04 Mn, 0.02 P, 0.02 8.... .21 Do.

.23 Annealed 1,000WC, 2 hr.
STEEL .23 6hr.

.23 Shr.
The tables for steels are arranged into groups where 3.93 C, 0.16 Si, 0.04 Mn, 0.02 P,'0.05 8 .... .20 As cant.

the principal alloying metals are as follows: carbon; 3.96 C, 0.2 Si, 0.06 Mn, 0.01 P, 0.02hr. .19 As east.

silicon; copper, chromium, cobalt, manganese, molyb- .26 6hr.
.50 8 hr.denum, nickel, tungsten, vanadium; and aluminum. 4.13 C, 0.10 Si, 0.03 Mn, 0.02P, 0.028 .. .18 As cast.
.2 Anoeald 1,000C, 2 hr.

4.26 C, 0.10 Si, 0.03 Mn, 0.02 P, 0.02 S .... .17 As cast.
.19 Annealed 1,000'C, 2 hr.

CARBON STEELS 4.35 C, 0.35 Si, 0.08 Mn, 0.02 P, 0.02 8 .... .15 An cast.
.57 Annealed 1,002C, 2 hr.

Compoition (%) Conductivity 4.40 C, 0.34 Si, 0.03 Mn, 0.02 P, 0.08 8 .... .15 As cuht.Cempdtio () Ceedetiity nd emaks Rfernce.17 Annealed 1,000C, 2 hr.
4.61 C, 0.37 Si, 0.03 Mn, 0.02 P, 0.04 8 .... .13 As cast.

.15 Annealed 1,000"C, 2 hr
w/cm deg K 4.63 C, 0.54 Si, 0.08 Mn, 0.02 P, 0.07 8 .... .13 As cast.

00o Annealed 1,003"C, 2 hr.
0.1 C.............k0-7 at 10; wrought iron.............W. Jaeger and 3.82 C, 1.24 Si, 0.09 Mn, 0.01 P, 0.068 .... .13 An cut

H. Dieweihoct .o Annealed 800C, I hr.
(1900). 3.81 C, 1.96 Si, 0.05 Mn, 0.05 S ............. 13 As cut.

.35 Annealed 80000, 1 hr.
IC ............... k-0.46at 18C, wroughtiron ............. Do. .40 Add. annealed 1,00IhC

1lhr.
0.1C,0.06Mn,0.05 k=0.72 at 18rC .......................... E. Grineisen 3.84 C, 1.98 Si, 0.06 Mn, 0.01S ........... .. 43 As cast.

Cu, 0.02 Si, 8, (1900). .28 Annealed 800cC, 1 hr.

0.03 P.

0.57 C, 0.2 W5, 0.1 k=0.2 at 180C .......................... Do. IResults by H. Masurnoto (192M) at 35C.
MD, 0.04 S, 0.06
Cu, 0.01 P.

OMC,0.1MN006 k-o0.1 at 18 ......................... D CARBON STEDo. (Cont'd)

1.5 C, 0.2 Mn, 0.06 k-0.50 at 18C .......................... Do. Curve Composition (%) Remarks Referenem
Si, 0.03 Cu, S,
0.0 P.

I C; "sivusteel".. See figure 23, curve with initial L........ C. H. Less Fig.24;Mild.. 0.14C,0.08Si,0.07Mn... "Mild steel"; heated J. deNobel
(1908) to 8003C and fur- (1951).(1903). cooleL

Pl'23;- 0.33 Mn, 0.18 C, 0.014 Si .................. R. W. Power,
J. B. Ziegler,

SAE 1020. H. L. Johnston
CARBON STEELS (Conftd) (19518).

r() 3;. 0.93 C, 0.34 Mn. 0.26 Si ..................... Do.Compostio (0/)1 odciiy Btl'.Z . 0.1 Ni, Cr, OA) Mo.
SAE 1095.

w/-- deg K

0.I C, 0.4 Mn, 0.02 P. 0.02 8 ............. 0.80 ......................0.4C,0.3S,0.4Mn,0.02 P,0.028- ..... .44 .....................0
0.40.0.30K 0., Mn, 0.•0•2,o ...... . .46 CARBON STEELS (C 'at'd)

0. C, 03 Si, 0.2 Mn, 0.03 P, 0.08 ...... .S42 ...................... COMPANY AND TRADE MANUAIAS
IA C, 0.32 , 0.2 Mo 0.03 P, 0.02 8 ...... . .42 ......................
1.2 C, 0.3 , 0.2 Ma, 0.03 P, 0.

02
S ....... .40 ......................

1 6C0.2 SL 0.2 Mn,0 P,00 .. Composo o(%) Conductivity
.41 .0.12 S, o• n, 0 P, 0.08 8.... .32 As

.33 Annealed 1,000-C, 2 hr.

.33 6hr. w/cm deg K

.33 8hr.
0.08 C, 0.045 Cr, 0.07 Ni, 0.31 Mn, 0.02 Mo .................... 0.9
0.23 C tace mCr, 0.074 Ni, 0.635 Mn, 0.13 Cu ..................... 52
0.415 6, tace Cr, 003 Ni, 0.643 Mn, 0.12 Cu....................52
0.80 C, 0.11 Cr, 0.13 Ni, 0.32 Mn, 0.07 Cu, 0.01 Mo ............. ..49
1.22 C, 0.11 Cr, 0.13 Ni, 0-3 Mn, 0.01 Mo, 0.08 Cu ............. ..45

42
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CORROSION RESISTING STEELS (Cont'd) NICKEL ALLOYS
COMPANY AND TRADE MANUALS COMPANY AND TRADE MANUALS

AI81 No. Nominal oompontion (%) Conductivity Trade Nominal composition (%) Conductivity
Designation

w/cm deg K

......... 0.08 C, .045 Cr, .07 Ni, .31 Mn. .02 Mo ............ 0.59

0.23 C trace Cr. 074 Ni .638 Mn, .13 Cu ......... .52 A Nickel ........ 99.4 Ni+Co. 0.2 Mn, .15 Fe, .1 Cu, .1 C...... 0.61
.0.415 6, trace Cr,.063 Ni,.643 Mn,.12 Cu .52 D Nickel ........ 95 Ni, 4.5 Mn .............................. .48
.0.325 C.17 Cr, 3.47 Ni, 0.55 Mn,.09 Cu, .04 Mo ..... .37 Monel .......... 67 Ni, 30 Cu, 1.4 Fe, I Mn, 0.15C, .1 Si ...... .26
.0.34 C 0.78 Cr 3.53 Nit 0.55 Mn, .39 Mo, .05 Cu .... .33 K Monel... 66 Ni, 29 Cu, 2.75 AI, 0.9 Fe,.75 Mn,.5Si,.15 C. .19
.0.315C, 1.09Cr,0.073 N, .69 Mn,.012 Mo, .07Cu ... .48 Hastelloy A..... 57 Ni, 20 Mo, 20 Fe ........................ .17
.0.36 C..88 Cr, .26 Ni, .69 Mn, .2 Mo, .12 Cu ....... .43 lastelloy B ..... 62 Ni, 30 Mo, 5 Fe ......................... .11

5 Cr, 0.5 Mo ................................... .37 Hastelloy C ..... 58 Ni. 17 Mo, 15 Cr. 5 W, 5 Fe .............. . .13
""..... .1.22 C, 0.03 Cr, .07 Ni, 13.0 Mn, 0.22 Si. .07 Cu .... .13 Haatelloy D ..... 85 Ni, 10 Si, 3 Cu .......................... .21
........... 0.28 C, trace Cr 28.37 Ni 0.89 Mn,.15 Si, .03 Cu .... .13 Inconel ......... 80 Ni 14 Cr, 6 Fe .......................... 1
........... 0.08 C, 19.11 r, 8.14 Ri, 0.37 Mn, .68 Si, .6 W, .16 Illium G ........ 58 Ni, 22 Cr, 6 Cu, Mo, Fe each ............. .12

.03 Cu ................ 80 N i, 20 Cr ............................... 8.56
........... 0.13 C 12.95 Cr, 0.14 Ni,.25 Mn,.17 Si, .06 Cu, .27. . 60 Ni, 24 Fe, 16 Cr ......................... .14

. .. . 36Ni, 50 Fe, 15 Cr...........................13

.......... 0.27 C 13.69 Cr, 0.21 Ni, .28 Mn, .2 W, .02 V ...... .26 Con.tantan . 45Ni,58Cu .23
.22.. 0.715 C, 4.26 Cr. 0.067 Ni, .25 Mn, 18.45 W. 1.08 V ... .25
302 0.14 C, 18 Cr, 9 Ni, 2 Mn ........................ .22
303 0.15 C, 18 Cr, 9 Ni, 0.07 P, 8, Seeach, .6 Zr, Mo each.. .22
309 0.20 C, 23 Cr 13 Ni, 2 Mn ....................... .19
410 0.15 C, 12.5 8& .............. .. 40
416 0.15 C, 13 Cr, 0.07 P,S,Seeach, .6Zr,Moeach .40
420 0.15 C or more, 13 Cr ............................ .33
430 0.12 C, 16 Cr .......................... ....... 30
440 0.7 C, 17 Cr, 0.75 Mo ............. 2............25

........ 15 C r, 35 N i .................................... .13

DEOXIDIZED STEELS
(Aluminum)

Curve Composition (%) Remarks Reference

Fig.24;4%Al. 4.11 Al, 0.13 Si, 0.08 Mn, Heated to 800'C and J. de Nobel
0.03 C, 0.01 S. furnace-cooled. (1951).

45
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PRECIOUS METAL ALLOYS PALLADIUM ALLOYS (ConVd)
See also the tables given under "SILVER ALLOYS"

and "GOLD ALLOYS". Compostion (%/) Conductivity and remarks Reference

PALLADIUM ALLODYS wclf
composition (%7) Conductivity and remarks Reference Commercial.....k=0.42 at 17

0
C............... T. Barratt and

R. M. Winter

v/em deg K(92)
85.5 Pd, 14.5 Cu ... PolyerystaJline; see Fig. 26, "Pd-15%/ Cu"... E. Gozneisen and

90 Pd. 10 Ag .... k=0.48 at WC ........................ F. A. Schulse H. Reddemano
(1911). (1934).

80 Pd. 20Ag .... k=0.37 at 2TC......................... Do. 50Pd, 50Cu .... Annealed; weeFig. 26, "PdWoCa........... Do.

70 Pd, 30Ag .... A-0.32 at 2C.......................... Do. 55Pd, 45 Au .... Annealed 2hr. at SVIC; wee Fig. 26, "Pd- Do.

80 K 40Ag .... k-0.27at2'C .............. D.450%Au".

50 Pd, 50Ag .... k-0.32 at 2C.......................... Do.

00 Pd 10 An .... k-0J2 at 25- ............... o PLATINUM ALLOYS

80 Pd, 20An ... k-0.42 at 2C.......................... Do. "Impure .......... k-0.516 atr ...C..................... W. Jaeger and
70 Pd. 30 An .... k-0.40 at 2C ........................ Do. H1w. ielet
60 Pd. 40 Au .... k-GaS at 25C ........................ Do. 90 Pt, 10 Pd.....k=0.43 at WVC....................... F. A. Schulze
50 K 50 An....k-0.36at 2C ........................ DMo.91)

90 Pd, 10 Pt.....k-0.56 at 26 ........................ Do. 80 Pt, 20 Pd.....k-0.42 at 2WC.......................... Do.

8D Pd, 20 Pt.....k-0.44 at WC ........................ Do. 70 Pt 30 Pd .... k=0.3 at 25T ...... .................. Do.

70 Pd, 30Ell.....k-0.40 at C ........................ Do. 00 P1,40 Pd.....k=0.34 at 2C.......................... Do.

O0Pd. 40Pt.....k-0.3Sat 2C........................ D., 50 Pt, 50Pd.... k-0.37 at25-C ........................ Do.

50 Pd,50Pt ..... k-0.37 at 2C ........................ Do.
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PLATINUM ALLOYS (Ooat'4) COPPER MJ..OY8 (Cont'd)

Composition () Conductivity and rem-rim Reference curve Composition (17) Conductivity and remarks Reference

w/cia dog K v/cm deg K

90OPkt10Ir .... k-0.31Iat 17C .........I....I T. Bamrtt and Eu. Di.-Cu- 70OCu, 30Mn ..... About 48 crystalsper oen- A. Eucken and
R. M3. Winter 60% Mn, timketer. K. Dittricli
(1925). 1. (1927).

86-P6ist lIt.....k-0.23 at W7C.................. ...... Do. Ea. Di.-Cu-. ... do............. About 112 crystals per Do.
50% Mn, centimeter.

8D P1620Ir ..... k-0.18 at 171C ...................... Do. 2.
90 Pt6 10 R .... k-0.30 at17TC........................ Do. ...... 3Ag .............. Unannealed; k-3.67 at E.Grtnesaenand

830 sad 21*K. E. Guess
96atomie % Pk4 k-0.46 at IT ....................... C. H. Johanason (1927).

atoomic % Au. and J. 0. Linde
(1930).......... do ........ Annealed 3 hr at 3900C; DO.

k -4.06 at 8M0K 6. 19 at
90 atomice% Pt. 10 k-0.35 at 19T ........................ Do. 311L

atomic % Au.
75 toic% P. 5 ..024atir..............o iA.2!7; G. 05.5 Cu, 4.5 Au .... Polycrystalline; unan- E. Grlasisen and

76aoi t.2 -.4at1' .............. D.- 4% nealed. H.Reddemann
atomic % Au. Au. (1934).

56lAtomic %Pt. 45 k-0.21 atl0C .............. Do. G. Re.-10% 90.3 On, 9.7 Au .... Polycryatalline; unan- Do.
atomic % Au. Au. nealed.

...................... ............ 75.1 Cu, 24.9 Au ..... Quenched from 800*C; Do.
k-0.34 at 830K.

WPPM= ALLODYS ....... ....do............. Annealed 20 hr at 400C; Do.
See also the "COPPER-NICKEL ALLOY" graph and k-0.61 at 83*K.
and tables. .......... do............. Annealed 32 hr at 3600; Do.

k -0.63 at 83*K.
curv Composition (%) Conductivity and remarks Reference ..........do ........ Same as above except later Do.

annealed 2 hr at 820C,
w/cm deg K then v nhd;k02

..... ..About 62 Cu, 15 Ni, "Neusilber"; k-0.29 at L. Loren, (1881). 0 .2% d aea aoeecp ae o
22n 00Au. annealed 5 months at

.... ..About 82 Cu, 18 Zn.. "Red bra."; k-1.03 at Do, room temperature.
WC. G. Re.-25% ... do ........ Same as above except ad- DO.

..... ..About 65 Cu, 35 Zn.. "Yellow brass"; k=0.85 Do. Au an- ditionally annealed 30
at O*00 "eWe hr at 320*C.

..... ..0.34 P............. k-0.95 at15T....... A. Rietucb 0. Re.-Cu- 49.9 Cu, 50.1lA .... Annealed 30hr at 320'C.. Do.
(1900). 50 Au.

..... ..0.87 P............. k-0.61 at 1500...... Do. G. Re.-Cu- 49.9 Cu. 80.1 Pd. .. Annealed................ Do.
50o Pd.

..... ..1.79 P............. k-0.53 at IST...... Do. G. Re.-6% 93.6 Cu, 6.4 Pd .... Polycrystalline; unan- Do.

..... ..2.06 P............. k-0.34 at 15"C........... Do. Pd. Boome.

.. ... .2.U P............. k-0.27 at15C ...... o ...... 5Cu. 46Pd ..... Anneale;k-0.67st830K Do.

...... 5.25 P............. k-0.15 at 15*C........... Do. G. Re.-4% .... do............. Annealed 2hr at 800C.;.. Do.
Pd.

...... 1.114 An ............ k -1.14 at 15*0........... Do. 0. Re.-45%....do............. Further annealled 30 hr at Do.

...... IMA 1............. k-0.92 at 15*C........... Do. Pd, a 320T0.

...... 2.66 As............ k-0.54 at 15T........... Do. __________ _______ ____

...... 3.00GnM........... k-0.H atl50C........... Do.

...... 5.02 Asm........... k-0.20 at 15T0........... Do. COPP=R ALLODYS (Contd)

.... .86.7 Cu, 7.15 Zn, 6.39 "Red brain"; k00atW. Jaege and Cmoiin()Cnutvt
8n, 0.6 NL 35.0. k-.OatCupamin %)I onucivty

(1900).

..... ..84 Cu,l1iMn, 4Ni ... k-0.22at1800 ............ Do. wc o
99.986 Cu, 0.0016 Fe, .02 02............................... 3.93'2

Fit. 27; L, 70 Co. 30Zn .............................. C. H. I'm 99.80 Cu, 0.19 F4.02 Fe.................................... 2.13'2
BOOM(108. 90.78 Cu, 0.23 W4 .02 Fe................................... 1.92'2

99A6 Cu, 0.3281, .AUFe.................................. 1.65'2
, .27; L- 62Cu,22Znul5Ni... -awutmanlver........... Do. 99.53 Cu,0.45 K .03 Fe................................... 1.29'2

r.sl.99.0 Cu, 1.00 S1, 0.03 Fe.................................. 0.82'2
L-h.~98.0 Cu, 1.98 F4, 0.06 Fe.................................. 0.51'1

LýPat ... A smae as "Phbtnmid!.............. Do. 96.0 Cu, 3.91 El, 0.02 Fe . ....................... 0.34'2

L.-Manpnia. 84 Cu, 12 Mn, 4 Ni.. "Mangaainse............. Do. 'These value, were determined by C. S. Simith (1935) at 2000. Sometimes the com-
position paresiibges add up to more than 100.

...... 80C., 18 Zn ...... Red bra.s-; "fine" a~-A. Eucken and I'The oope-ile aloy wer hoW Id-drawn and annealled at 70000 and
tose k=1l27 at 27WA 0. Neumann wer inm oqe, ai solution.
0.66*8 VL (1I4).

..... .....do ............ "adhm;"i"es Do.
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1.2

.6 ,7 7

.020

.40f F

20 4 80 00 20 30

99.95 Cu, 0.07 Al,~~~~~~~~~.... ....Fe ... . . . . .2...96C,002Fe 0 s..........39

99.7 Cu 0.2 Al .0 Fe..........................2.9 2 6.24Cu,33.2 Zn 0.3 P, .1 Fe .01 S1.2

99.4 Cu 0.7AI.2F...................529.4C,30 n .2F..........26
9920Cu .7 A, 0 F......................1.5 9.1 u,477Zn 00 F.............24

90.56 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .Cu.... 9.3 Al.7F..................06'dan
89.88 Cu, 9.90 Al, 0.22 F............ ................. 06 2974Cu0.6F,.7N,.4B.........8 2 Rheed8.76Cu02.1 AlK.9F..................42 8.1 u 29 n .8P,00 e......16

9.94C,0.0 n 0 e 0M..............36 6.5C,3.9Z,32 b .7F.......M

9.808 Cu, 0.4M,.1F,.1M..............32L 59 u 91 n .2P,00 e......11

9. 4 C,45Mn0.6 Fe .0M 0.4 40 Al, .21 Si.30

90.03 Cu, 19.82 Mn, 0.09 Fe .02. Mg. 035...C..................... 03.152 2 9.8 u .0 e .02 02....... .. .4
99.7 Cu 0.2 A .0 Fe ............................ 2.9 2 63.76 Cu. 19.79 Zn, 0.18 Mn, .162 Ni, 0.14 Fe.... 1.34 2

9&08 u, 189 A, 0.3 A ............................ 1.2 265.51 Cu, 23.86 Zn, 0.18M,7 03 Ni, 0.4B .......0 Fe,.46 2 Qunhd

poito pecetae add up3 to, more tha 100................. 59.76 Cu 298dZ,015Ma01wN.0.4F,.4

soli souo (exep the 12%1 Al, whichF was.................. 644 8.104 Cu, 30.50 Zn, 5.41 Ni, 0.05 Fe ........... 1... 0 2
99The Copper-7Mangn es.1 e, allo2 wM r d...oxi.....i ....... with magnesium349, hotroled and an0 -Fe________ ...........___ _________ ______

nealed at, 70C.1 ese value were detrmn1 by C............... S.2 Smt (1935) at, 29.18 Soeme the2 com-0e...11
99,55 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~psto per.3M,.1Fe 0 g................ 22 80, C e,37 ntae a.7d up to8 more than 0.90.

95.3Th micelneu alloy wer exenivl worked aneaed and sMo ............... cooledl1Si
9025 Cu,~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~ecp w.3here e,0 g.2 ........... .61560 u 59 noted.1 n179Ni0.8F, .32

8D.0 Cu 1982 M , 009 e, .2 M , .35 C................ 0.153 .24C



COPPER ALLO0YS (Coat'd) COPPER ALLO0YS (Cout~d)
COMPANY AND TRADE MANUJALS

compoiztion M%) Conductivity I state _____

Name Nominal Composition () Conductivity
./cmo deg K

MX a, 17.88 Zn, 13.24 Ni, 0.10 Fe, 2.23 So, .31'2 Sand-cast. Leaedu/CU deg K
10.44PhLeddros:

80.08 cu. 4.98 Ni, 0.08 Fe. 5.11 Al, 0.74 Si ... .45' Quenched. Leaded commercial bronze .... 90 Cu, 9.5 Zn, 0.5 Ph .... 1.80
96.06 Cu, 4.98 Ni, 0.08 Fe, 5.11 Al, 0.74 Si.. .57 ' Reheated. L.eaded comercial bronze.... 89 Cu. 0.26 Zn, 1.75 Pb ... 180
86.06 C46 4.98 Ni, 0.08 Fe, U.1I AL, 0.74 Si ... .66 2 Furnace-cooled. Commercial bronze. ....... 90.25 Cu, 6.9 Zn. 1.75 Pb, I Ni, 1.40
W1.3 Lu,42.34 Zn. 1.02 Ni, 0.49 Fe ............. 1.14' Low leaded breas...............84.5 Cu. 35 Zn Z h....... 1.17
ftM Cu, 0.31 Ni, 0.32 Fe, .38So, 9.41.Al .. 0.80' Low leaded brass. ............. 67 Cu. 32.SZn, 0.5 Pb. ý.. 216
TWO3 Co., 22.22 Zn, 0.01 Fe. 1.98 Al ............... 00 Medium leaded brusm...........64.5 Cu, 34.5 Zn, 1.0 )Pb. 1.17
10.3 Co, 38.36 Zn. 0.12 Mn, 1.06 Fe, 0.98 Sn, 1.01 High leaded brass.. ........... 82.5 Cu. 35.75 Zn. 1.75 Pb 1.17

.13 Ph. High leaded brass...... L.......64 Cu. 34 Zn, 2.0 Pb ...... 1.16
99.664 Cu. 0.03Fe. .32 Si..................... 1.65' Extrahuighleaded bran ..... 62.5Cu, 35Zn, 2.5 Ph.... 1.17
9116S1Cu. 4.I Mn, 0.11Fe............... ..... o0.48' Free cutting brow............. 61.5 Cu. 35.5 Zn 3 Pb ... 1.17
90.21 Cu, 0.01 Fe, .01 Ki .85 Cd................ 3.45' Leaded Munts metal. .. L....... 60 Cu, 39.5 Zn. 0.6 Pb .... 1.21
0&.41 Cu, 0.02Fe. J9 So, .02 Si, 1.07Cd .... 2.263 Free outing Munts metal ... 60.5 Cu, 3&4 Zn 1. IPb. 1.17
72.49 Cu, 17.76 Zn, 3.34 Me, 1.78 Fe, 4.44 Al. 0.50'2 FOii'ig braz.................. 60Cu. 38 Zo,2Fb............. 1.17
94.00 Cu, 1.03 Me, 0.08 Ft. 4.68 Si.............. 0.26'2 Sand-cast. Architectural bronze ........... 57 Cu. 40 Zn. 3 Phb... 1.21
U8.69 Cu, 0.99 Mn.0.16 Fe, 3.23Si.............. 0.336' Leaded naval bran............ 60Cu, 373 5"1,0.7 to 1.75Pb, 1.17
98.10 Cu, 0.30 Mn, 0.06 Fe, 1.60 Si ............ 0.54 20.75 Sn.
81.56 Cu, 14.21 Zo,.&20 Mn, 0.04 Fe, 4.00 & 0.28'2 Chijlkad Leaded tinbearing bronze .... 7 Cu, 4Zn, 8So, 1Pb .... 0.47
2&.83 C%1.12 Zn.0.02 Fe. 3.11 Si ............. 0.37' 2 ihlae i rne(uhn) 80Cu, 10Soi, 10 Ph............0.47
78.30 Cu.0.20 Ni,&01 So, 13.32 Ph.0.1 P ... o.42' 1 ad-at Dairy bronze ................. 640u,8 Zn. 20Ni, 4 Ph4 So 0.23
87.86 Cu, 3.05 Zn, 0.03 Fe, 8&87 Son............ .. 42 Snc-at Leaded nickel bran ....... 60 Cu, 16 Zn, 16Nýi,5 Pb, 3 Sn 0.27
UM.3 Cu, 1.90 Zn, 0.07 Fe, 9.58 Sn.............. 0.50' Sanud-cadt.
60.54 0,36.48 Zn. 0.21 Me, 0.73 Fe, 1.48 Sn, 0.96'2 Sand-cast. Spca Bass

o.04 AL Admiraltynmetal ........ 71 Cu, 28 Zo, I B.............1.09
09.04 Cu, 0.07 Fe, .9 Cd...................... 2.76'2 Naval bram ............ 60 Cu. 39.25 Zn. 0.78 Sn ... 1.17
80.75 Cu, 0.47 Me, 48.69 Fe, 0.06 Si, .02 C.......0.90'2 Manganese brouse ....... 58,5 Cu. 39 Zn, 1.4 Fe, 1 Sn, 1.09

0.1 Mo.
Aluminum bran ....... 76 Cu. 22Zo,2 Al ......... .... 100

I T1#ue values were determined by C. S. Smith (1935) at 20*C. Sometimes the comn- "Ambronse-474'......... 94.97 Cu, 4.0 Zn, 1.0 Sn, 0.03 P. 1.64
position percentages add up to more than 1900 "Ambronze.421 ......... 88.00 Cu, 10.0 Zn, 2.0 Sný .. 1.19

2The miscellaneous a&Boys were eztensively worked, annealed, and slowly cooled Manganese red brara ...... 85.0 Cu, 14.0 Zn, 1.0 Mn .... 0.99
except where noted. Silicon red brasi ........ 82.0 Cu, 17.0 Zn, 1.0 Si .... 0.67

Trumpet brass..........._... 81.0 Cu, 18.0 Zn, 1.0 Sn .... 1.21
Arseniculadmizrulty ............ 7 1.0OCu, 28.0OZn, 1.0Be, 0.4 As. 1.11
Manganese beass.............. 70.0 Cu, 29.0 Zn, 1.0 Mn ... 0.74

COPPER ALWiYS (COfnt'd) Nickel silver I18%-B ............ 5 Cu, 27 Zn, IS Ni ............ 0.29
__ _ _ ______ ________-Nickel silver 157,%............ 66Cu,19Zn,15 Ni............ 0.35

Gm %)Leaded nickel silver 120%0.....65 Cu, 20.7 Zn, 12 Ni, 2 Pb, 0.40
Phosphor bronze 5%o-A ......... 95 Cu, 5 Sn, trace P ............ 0.80

64CPhosphor bronw 80/,-C . 90 Cu, 10 Sn, trace P ...... 0.50
o.4Ier. K. sewuer Phosphor bronze 12%-E . 98.. .1175C,12 Sn, trace P ... 2.06

ad, ~~~(1I=). Phookbor bronze ............... 98.7C,12 n .6P21
D~o..................... 98.4 cu, 1.75 Sn, 0.01 P... 1.47

l%. 27; Kr. 4.6 Ou, 41 Zn, 13 Ni.. "Bilbetrense'...... Do. Do ............ 95.98 Cu, 4.0 Sn, 0.05 P .... 0.81
&eJwonz Do ............ 95.75Cu, 4.0 So,025 P .... 0.81

29&- AL. 45.9 Cu, 42.1 Zn, 9.8 "German silvr"; daftA S J. F. Allen and Do ............ 95.17 Cu, 4.0 Sn, 0.iJP 0.5... Fe 0.7
n.a-Zer. Nk .S0 P.P4'5 Fe, equation k-3.3X1O-4 X. Mendois Do ............ 93.YCu, 5.0 So.0.1 P,IPb..' 0.83

a. 0.06 MII. Ts. (19%8). Do ............ 93.7 Cu, 6.0 Sn, 0.3 P ............ 0.57
Do ..................... 91.75 Cu, 8.0 Sn, 0.25 P ..... . 0.62

W 27Fi.47 Cu, 41 Zn, 9 Nl, 2 Mran diameter ci rydata R. Berman Do ...................... ý0.75 Cu, 10.0 go, 0.2 P .... 0.5o
0; .- Ph. was 0.02 mm. (19511). Do ..................... 87.90 Cu, 4.0 Sn, 4 Zn, 4 Ph, 0.55

Special arsm:
siliconbronmenA ........ 96 Cu,3&.......... 

0.3 8

SIricanbronze 8........ 97 Cu, 1.58 0i......59... U
COPPER ALLOYS (Cout'd) "Elverdur-100 .......... 95.8 Cu, 3.1 Si, 1.1 Mn .... 0.33

COM ANY AN TRADE MANT AIA "Everdur-1012 ......... 95.6 Cu, 3.0 Si, 1.0 Mn, 0.4 Ph. 0.33
________________________ _____ verdur-1015 .......... 98.25 Cu, 1.6 K. 0.25 Mn... 0.44
______________________________-"LEverdur-1014 ......... 90.75 Cu. 2.0 Si. 7.2 Al .... 0.45

Name Nominal Composition % Conductivity 67o Aluminium bronze ..... 95 Cu. 5 Al.................. . 0.83
........................____ __ _ _ ___ __ 92 Cu, 8Al .......... 0.71

IWO Aluminum bronze...... 88 C,10 Al........ .. 0.60
w/mdgK....... 82.?"Cu 10 A5N42.e 0.38

.../... dK Auiu iio rne 91 Cu, 7Al, 2Si ....... 0.38

'EYs reyie Tough Piteb ..... _9.9J2 Cu, 0.04 02.............. 3.91 'Calm ...................... 95.5 Cu, 2.5,Al, 2.0 Sn...... 0.81
Deozidised...................99.94 Ca, 0.02 P............... 3.39 Chromium eu~per ....... 99.06 Cu, 0.85 Cr ....... 3.20
Ozy&,m rn-ee high need ......... 90.92 Cu..................... 3.93 "Hitenso-961 ......... 99.0 Cu, 1.0 Cd ........ 3.44
Sil'm bearing ................. 90.9 Cu, buac Ag............. 3.93 'Hitenao-965 ........... 95.6 Cu, 0.8 Cd, 0.6 So .... 2.33
Arsenical phomsphormsed.......... 99.45 Cu, 0.3 Aii, 0.03 P.... 1.76 Aluminum bronze 89--10 ..... S Cu, 10 A, I Fe ....... 0.55
Frees odlt.i.................. 99.4 Cu. 0.6 e......... 3.55 Aluminum bronse 86-4-10.. 86 Cu 10 Al, 4 Fe ..... 0.59
Boaran deoxidised .............. 99.96 Cu, 0.02 B....... 3.88 Aluminum bronze ....... 87.5 du, 9 AL, 3.5 F........ .. 0.59
Selarivenecopper...............99.4 Cu. 0.6 g ........ 3.84 ____________________

Leaded copper............... 99A Cu.1.0 Ph....... 3.84
Chromium copper.............99.06 Cu, 0.85 Cr........ ...... 3.24
Cadmniun Copper..............9.00e Cu, 1.00 Cd.............. 3.44

Gilding...................... 96ca, 6 n.I................. 2.34
Commercial bronze ............ 90 Cu. 10 Zn........ ......... 1.88R
Bowring rosse ............... 90 Cc, 0.5 Zn,0.Sn............ 1.73
Commercial hbronzae............ 87.5 Cu, 12.5 Zn............... 1.73
Red bran .............. ..... asCu, 15 Za.................. 1.59
low rasa.................... 80Cu, 207A.................. 1.38
Clerbidle braw ............... 70 Cu. 30Zn ................... 1.21
Yelow bae;.......... 65 Cu, 36Za.................. 1.17
Missie metal ................. 60Co, 40Zn.................. 1.21
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Fig 27, Krz4C,1 i 0Z. Nmir......J awi n

151



COPPER-NICKEL ALLOYS (Cont'd) COPPER-NICKEL ALLOYS (Cont'd)
COMPANY AND TRADE MANUALS

Carv" Compoitioa (0/) Conductivity and remarks Reference

Name Nominal composition %)Conductivity
v/cm deg K

J%. 29.Al 45.9 Cu, 42.1 Zn, 9.8 "German silver"; data fits J. F. Allen and w/cm deg K
Mm-~er. NK,2.0 Pb,0.16 Fe. equation k - 5.3 X 104 E. Mendoza

Wy. 0.06 MD. Ts. (1948). Cupcroiiickei 300N 70 Cu, 30 Ni ........... ................ 0.29
Cupro-nickel 10W,. 88.5 Cu, 10 Ni, 1.5 Fe..................... 0.47

..... ..63 Cu, 20 Ni, 17 Zn... "Nickel-silver"; k= 25.5 K. R. Wilkinson Nickel silver 180%-A. 65 Cu, 18 Ni, 17 Zn...................... 0.33
mw/cm d~ at 10*K, and J. Willis Nickel silver 18%,B. 55 Cu, 18 Ni, 27 Zn.............. ........ 0.25
48.5 at 15K 1. t (14) Nickel silver 15%.. 66 Cu, 15 Ni, 19 Zn ....................... 0.35
2(rK. Constantan ..... 55Cu, 45 Nj........................... 0.23

Dairy bronze ..... 4 Cu, 20 N4, 8 Zn, 4 Pb, 4 Sn .............. 0.23
.......70 Cu, 30 Nj ......... nickel'* k -20.9 Do. Leaded nickel brass 6W Cu, 16 Ni, 18 Zn, 5 Pb. 3 Sn ............. 0.27

mw/cem deF t10K Leaded nickel silver 66 Cu, 12 Ni, 20.7 Zn, 2 Pb, 0.3 Mn .... 0.40
35.7a 6/ K 50.2 at 120/.

Fig.28; 56 Cu, 45 Ni ................................ BR. W. Powers,
PXIJ. B. Ziegler,SI ER A L Y

ooneutan- and H. L. SILVER____ _______

Wta. Johnston -________ _________ ______

(1951c). Curve Composition (%/@ Conductivity and remarks Reference

F .29a. 80 Cu.20Ni ...... Also obtained k =127 mw/ J. K. Hulm
%u.- &5~ cm deg at 21.9%K and (1951). wc e
200/ Nj. 79.9 at 16.?K. wc e

Fg.28; B.- 60 Cu, 40Ni ..... ............. R. Berman ....... 90 Ag,10 Pd ..... k=-1.41 at 2'C .......... F. A. Schulze
Constan- (1951b). (1911).
t"........ 80 Ag, 20 Pd ..... k=0.84 at 2 0C ............ Do.

Fics. 27 29s; 47 Cu, 41 Zn, 9 Ni, 2 Mean diameter of crystals Do.70A,0Pdk05at2 ...... Do
BW.-bter. Pb. was 0.02 mm........7 g30P.....k=57a2-C..... Do
sily. ....... 60 Ag, 40 Pd ..... k=0.45 at 25-C............Do.

Fi.2;R.90 Cu, 10 Ni ...... Two samples which were 1. FidegSOdk=.2a2'.......o
Zi. - Cu - annealed, onea single and J. E. ...... 0A,5 d.....k=.2a C..... o

10% Ni, crystal. Zimmermann90A,1P&.....k=98a 5C..... Do
anneale. (1952). ............ 8a25........Do

Ba.Zi.-Cu- . ....do.............. Two smaples which were Do....... 76 Ag, 25 Pt ..... k=0.38 at 25C............ DO.
10% Ni, cold-worked....... 70 Ag, 30Pt ...._ k-0.31at2VC............ Do.

......_ _______ ______-____.. .... 67 AS,33 Pt ..... 1-0.30 at 2WC ............ Do.

Fig. 26; 99.63 Ag, 0.37 Au ........................... E. Griineiaen and
COPPER-NICKEL ALLOYS (Cont'd) b. 1b.- H. Reddemsann

__ __ __ __ __ __ __ __ __ __-Ag-0.4% (1934).
Au.

Composition (%) Conductivity
G eA- 76 AL 25 An ..... Single crystal .............. Do.

v/cm. deg K 25A.

G. Re-Au 10 Ag, 50Au. Single crystal .......... Do.
99.73 Cu, 0.28 Ni, .01 Fe' .03 Mg......................3.2 1, 50% Ag.
99.47 Co. 0.M Ni, 'O2 Fe .0' Mg...................... ...... 2.92 1. 3
97.94 Cu, 1.97 Ni, 0.02 Fe, .04 Mg.......... ................. 1.72 41 Po-Ag 60 Ag9, 15.5 Cu, 16.5 "E~ay-fo";flamc nneale: R. L. Powell
94.92 Cu. 5.09 Ni 40.01 Fe,.0 M g.....................1.00 1: 22 Solder. Zn, 18 Cd. (1953).
89.90 Cu, 10.07 Ni .2F, OILMg .0C..................... 0.62 1, ____ 1_____________ ____

84.95 Cu, 15.07 N4 0.05 Fe, .01 ML .03Mu.................... 0.47 1,2- _ ____ -_______ _____

79.68 Cu, 19.79 Ni, 0.23 Fe, .30 Mg....................... .... 0.36 i's
69.54 Cu. 30.23 Ni, 0.06 Fe, .95 Mg, .13 Mn .................... 0.29 I's G LD) ALLOYS

Composition (%1) Conductivity state ....... 90 Au, 10 Pd ..... k=0.98 at25-C..........F. A. Schulze
(1911).

w/om.deg K ....... 80Au, 20Pd ..... k=0.59at 25*C............Do.

64.14 Cu, 18.38 Ni, 0.19 Fe, 17,06 Zn, 0.3 Ma, 0.33 1,a...... 70 Au, 30 Pd ..... k=0.44 at 26*C ...... Do.
.02 C.

63.37 Cu, 19.89 Ni, 0.14 Fe, 8.22 Zn, 3.31 Sn, &.4 0.2 1, 3 Sand-cast............6 Au, 40 Pd ..... k=0.40 at 25*C. ...... Do.
PM 0.23 Mn.I......

96.05 Cu.3.01 Ni, 0.004 Fe,.88Si ............... 0.76 1, Quenched. Au6 dk=3at ...... Do
96.06 Cu, 3.01 Ni, 0.04 Fe, .88 Si................ 1.58 1, 8 Reheated........5Au50P.....kO aWC..... Do
96.06 Cu, SAOlNi 0.04 Fe, .88Si ................ 1.69 1, Furnace-cooled 9.~OtI.07at5C......o
74.07 Cu, 10.96 7Wi, 0.09 Fe, 6.31 Zn ............. 0.39 '.......g3n 1 t.....k07 a 6C..... o
64.6 Cu, 29.44 Ni, 0.07 Fe, 6.69 Zn. ............. 0.28 ,3 ...... 80 Au, 20 Pt ...... =0.41 at 25-C............ Do.

IThe values were determined by C. S. Smith, E. W. Palmer (1935) at 20*C. Some- ...... 70 Au, 30 P&......k=0.30 at 25'C............Do.
fames the composition percentages add up to more than 100.

2 The copper-nickel alloys were deoxidisedl with magnesium, cold-rolled, and an- ....... 60 Au, 40 Pt.. ... k=0.26 at 5C ............ Do.
nealled at NOTC._______ __________________

8 The Miscellaneous alloys were extensively worked, annealed, and slowly cooled
except where noted.
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GOLD ALLOYS (Cont'd) ZINC ALLOYS

Curve Composition (%) Conductivity and remarks Reference TrAde Nominal composition 1%) Conductivity
_ - - Designation

w/cm deg K u/cma deg K
........I.... 92 atomic % Au, 8 k=0.80 at 18'C ......... C. II. Johansson

atomic % Pt. and J. 0. Linde "Zamak-" ...... 96 Zn, 4 Al, 0.04 Mg ................... . 13
(1930). "Zamak-5. 95 Zn, 4 Al, I (Cu, 0.04 Nig ................ 1.09

"Zamak-2"..... 93 Zn, 4 Al. 3 Cu, 0.03 Mg ................ 1.05
.......... - 84 Au, 16 Pt ......... k =0.48 at 18C .......... Do. ('omm. rolled ..... 99.8 Zn, 0.08 Pb .......................... 1.09

Do..... .. 99.8 Zn, 0.06 Pb, 0.06 (A .................. 1.09
....... 68 Au, 32 Pt...... k=0.23 at I 8C ......... Do. Rolled zinc alloy, 98.7 Zn, I Cu, 0.01 Mg ..................... 1.05

"Zilloy-15".
.... 55 Au, 45 Pt ......... k=0.21 at 18SC .......... Do.

Fig. 26; 50 Au, 50 Ag ........ Single crystal ........... E. GriiineLen and
G. IRe.- 1 Ittdvmann
Au-SO% (1:3). CADMIUM ALLOYS
Ag.

G. Re.-Au- 75 Au, 25 Ag ....... Single crystal ........... Do. Curve Composition (%) Remarks Reference
25%/, Ag.

G. Re.-Au- 73.7 Au, 26.4 Cu. Polycrystailine ......... Do. Fig. 29; 66.7 Cd, 33.3 Sb .............................. A. Eucken and
26%• Cu. Eu. ;e.- G. Gehlhoff

('d-33% (1912).
G. Re.-Au- 91 Au, 9 Cu ......... Polycrystalline ........... Do. Sb.

9% Cu. Eu. Ge.-Cd- 50 Cd, 50 Sb ............................... . Do.

........... 50.1 Au, 49.9 Cu .... Quenched from 800C; Do. 50% Sb.
k =0.193 at 86WK.

.............. do ............. Same as above except an- Do.
nealed 22 hr at 360"C;
k=1.28 at 85WK. MER_ __ _CURY ALLOYS

................. do ............. Requenched from 800
0
C: Do. Composition (%) Remarks Reference

k=0.23 at 83°K. __ _

G. Re.-Au . ... do ............ Annealed 30 hr at 320°C... Do. 98.811g, 1.19 In.... Measured ratio of conductivitics in normal J. K. Ilulm
500/% Cu. and superconducting states. (1950).

G. Re.-Au- 91.2 Au, 8.8 Pd ...... Tempered at 800oC for 2 Do. See also the graph and table under"Metal-
9% Pd. hr. lic Elements'.

........... 83 Au, 17 Pd ........ Annealed 2 hr at S°C; Do.
approx. same curve as
"Ag-25% Au".

............ 69 Au, 25 Ag, 6 Pt .... k =0.53 at room tempera- Trade Manual. TIN ALLOYS

tore.
Curve Composition Remarks Reference

INDIU [, THALLIUM ALLOYS Figs. 18a, b. Up to 4% mercury... See table under Figs.18a, b, J.K. Hulm

"Metallic Elements". (1950).

... 66 TI, 34 Pb ......... For a sample with "large" A. Eucken and Do. Up to3% indium. .do ... B.B. Goodman
crystals, k=0.22 at 273? K. Dittrich (1953).
K, 0.13 at 80*K; for a (1927).
sample with "small"
crystals, k=0.23 at 273?
K, 0.14 at 80OK. N ALLOYS (Contd)

.67 TI, 34 Pb by atomic Measured relative change W. J. de Hass COMPANY AND TRADE MANUALS
percent. of thermal conductivity and H. Brem-

when the alloy became mer (1932). Name Nominal Composition (%) Conductivity
superconductive.

Fit 29, 29a; 91.4 In, 8.6 Pb by Became superconducting H. Bremmer and w/cm deg K
Br. H.-In- atomic percent. at 4.2K. W. J. de Haas Eutectic soft solder.. 63 Sn, 37 Pb ........................... 0.50
W, Pb. (1936). Tin foil ............ 92 Sn, 8 Zn ............................ 0.59

Br.H.-Pb- 50 In, 50 Pb by Became superconducting Do.
50%• In. atomic percent, at 6.54 K.

Fi 9; 90 In, 10 TI by atomic Single crystal; measured J. K. Hulm

tu-In- percent. both in the normal and (1952b).
10% TL. superconducting state;

transition temperature
about 3.4"K.
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Curve Composition 07,) Remarks Reference Curve Composition (9o) Remarks Re erenee

Fig. 29; L.- 5OBi,25Pb,14Sn,11 "Lipowitialloy ......... C. H.Lees Fig. 29; Eu. 50 Sb, 50Cd ..... .............. A. Eucken and
LUP. Cd. (1908). Ge.-Cd- G. Gehbioff

Ge. Ne.-Bi- 50, RIL 50 Sb ..... 0............ . Gehlhoff and 50% Sb. (1912).

80% Sb. F. Neumejer Eu. Ge.-Sb- 51.7 Sb, 483 Cd ................. Do.
(1913). 48%' Cd.

Ge. Ne.-Bi- 80Bi, 20 8b. ... ............ Do. Eu. Ge.-Sb- 66.7 8b, 33.3 Cd ..... "Very hard'........ Do.
200/c b. 33% Cd.

Ge. Ne.-Bi- 87 Bi4 13 Sb ........ ......................... Do. Ge. Ne.-Sb- 70 Sb, 30 Ri ..... ............ C. Gebihoff and
13% Sb. 30% Bi. F. Neumneier

(1913a).
Ge. Ne.-Bi- 89 Bi,l11Sb ........ ......................... Do.

11% Sb. Ge. Ne.-Bi- 50O8b,50 Bi .................. Do.

Ge. Ne.-Bi- 01 Bj, 0 Sb ......... ......................... Do. 50T,___ ___________________

9% Sb.

r g29, 29a; 50fRi. 25 b, 25 Sn.... "Rose's metal ............ H. Bremmer and
tr. H.- W. J. de Hama
Rose. (1936).
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2.4. Dielectric Crystals

This section is not comprehensive but is representative of the dielectrics.
There have been few measurements on the conductivity of dielectrics at
low temperatures. However, three series of experiments especially worth
noting in this short summary are A. Eucken and G. Kuhn (1928), W. J. de
Haas and T. Biermasz (in late 1930's), and R. Berman and others of the
Clarendon Laboratory at Oxford (1950's).

The following miscellaneous dielectrics were measured by A. Eucken and G. Kuhn
(1928) (all percentages are mole percent):

Conductivity Conductivitymw/cm deg K mw/cm deg K

Name Remarks ______degK _ Name Remarks

83' K 273* K 83 0 
K 273o K

Marble ...... Small crystals, 99.9% CaC03 .... 42 33 25% KBr, Pressed at 8,000 atm. ........... 46 33
Do ..... 99.99% CaCO ................ 54 38 75% KCI.
Do ..... arge crystals ................. 50 33 10% KBr . .... do ....................... 80 50

Calcite ...... Main crystal axis perpendicular 180 46 90% KCI.
to rod axis. 50% KCl, do ....................... 188 71

Do ...... Main crystal axis parallel to rod 293 54 50% NaCl.
axi. K NO: ............. do ....................... 17 21

I ite ...... Natural crystal ................ 159 75 Mercuric .... do ....................... 17 13
CV .......... Pressed at 8,000 atm... . ....... 314 88 chloride.

KCI .......... From a melt .................. 402 92 NH ,CI ............ do ....................... 109 25
NaCI .............. do ....................... 343 92 NH4Br. ........... do .... ............... .. 67 25
NaCI ......... Pressed at 8,000 atm ........... 251 71 Ba(NO3)2 .......... do ....................... 33 13
Rock salt... ...... do ....................... 180 63 CopX ..............................p 29 21
Sylvite ............ do....................... 343 84 Sulfate.
KCI ........ Premsed at 1,250 atm. .......... 243 75 Magnesium ............................. 25 25
KCI .......... Premed at 2,500 atm ........... 368 92 sulfate.
KCI ......... Pressed at 8,900 atm ........... 402 96 K4(FeCNe) ................................. 17 17
KBr ......... Pressed at 8,000 atm........... 92 38 Chrom alum ................................ 13 21
NaBr ............. do ....................... 50 25 Potassium ............................. 13 21
KI ................ do ....................... 121 29 alum .
KF ............... do ....................... 234 71 Potassium Main crystal axis perpendicular 17 21
Naf .............. do ....................... 519 105 bichromate, to rod axis.
RbI ............... do ....................... 59 33 Do ....... Main crystal axis parallel to rod 17 17
RbCI .............. do ....................... 29 21 axis.
90% KBr, . .... do ....................... 50 29 Topaz ........ M ineral ...................... 234

10% KCL. Zincblend .......... do ....................... 63 264
75% KBr, . .... do ....................... 29 21 Beryll ............. do ....................... 88 84

25% KCl. Tourmaline ....... do ....................... 38 46
50% KBr, . .... do ....................... 25 25

50% KCI.
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